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2 AIM OF THIS WORK 
Fig. 2.1  
3 STATE OF THE ART 
3.1 PEMFCs for automotive application 
3.2 Design and function of PEMFCs 
2𝐻2 → 4𝐻
+ + 4𝑒− Eq. 3.1 
𝑂2 + 4𝐻
+ + 4𝑒− → 2𝐻2𝑂 Eq. 3.2 
𝑂2 + 2𝐻2 →  2𝐻2𝑂 Eq. 3.3 
3.2.1 Polymer electrolyte membrane (PEM) 
Fig. 3.1   






3.2.3 Gas diffusion layers (GDL) 
3.2.4 Bipolar plates 
4 EXPERIMENTAL 
4.1 CCM manufacturing and applied characterization techniques 
4.1.1 Catalytic dispersions 














𝐼(𝑞) ≈ 𝑞𝐷𝑓 Eq. 4.2 




























































Fig. 4.3 A B
 




































𝐹1𝐷𝐹2𝐺𝐹3𝑆 Eq. 4.5 
Adhesion test (adhesion CL/decal substrate).
Fig. 4.8
4.1.3 Catalyst coated membranes (CCMs) 

5 RESULTS AND DISCUSSION 
5.1 Descriptive analysis of cathodic electrode production 
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5.1.1.1 Summary catalytic ink analysis 
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A B 

















GROUP 1 GROUP 2 
5.1.2 Determining the electrode´s microstructure by morphological analysis 





























































  Group 1   Group2  













5.1.2.2 Cross-sectional cathode characterization 
1h 1d 7d 
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5.2 Does the ionomer loading influence the pore size distribution and the overall electrode 
microstructure characteristics? 















































































> 1: aggregated 
< 1: non-aggregated 
0,3 



















5.2.2 Electrode analysis 
5.2.2.1 Surface analysis using imaging techniques 
5.2.2.2 Cross-sectional characterization 
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Fig. 5.26 A B































































































































































5.3 CL microstructure tuning by particle size distribution variation of catalytic inks 

































































































































































































































> 1: aggregated 
< 1: non-aggregated 
** 
5.3.2 Electrode analysis 
5.3.2.1 Surface analysis 
(A) Laser confocal 3D (B) SEM 
Fig. 5.30 A B
 
Fig. 5.31 



















































5.3.2.2 Pore size analysis using gas sorption technique 
A B 
C D 
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Fig. 5.44 (A) (B)
A B 















































































































































































5.4 Discussion: Do the ink property settings determine the electrode microstructure inde-
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7.2 Functional properties of cathodic catalyst layers 
































mixing time  
236 


























































(ii) I/C variation. 
(iii) PGV variation. 














































































































 PGV variation. 
8 APPENDIX 
8.1 Samples for chapter 5.1 “Descriptive analysis of cathodic electrode production”. 
MT project name DMC KCD DMC Ink  
 Samples for chapter 5.2 “Does the ionomer loading influence the pore size distribution 
and the overall electrode microstructure characteristics?
I/C project name DMC KCD DMC Ink  
 Samples for chapter 5.3 “CL microstructure tuning by particle size distribution variation 
of catalytic inks
# project name DMC KCD DMC Ink  
 Samples for 5.4 Discussion: Do the ink property settings determine the electrode mi-
crostructure independent of the deployed mixing technology?”.
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